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Abstract: Development in manufacturing and obtaining piezoelectric elements, their accessibility,
innovations in IT and increase in computer performance allow us to use active vibration control in
practical means. The design and implementation of a labview and PID controller which was
developed for the suppression of sinusoidally excited forced vibrations of a plate is presented. The
plate used in the study is clamped at one side and free at the others aluminum plate with 5 piezo
elements attached. Two of them act as sensors, and three as actuators (one for primary disturbance,
and two for active vibration control). Selected experimental results are used to demonstrate the
effectiveness of the proposed platform.

1 Introduction

Mechanical systems are frequently subjected to internal and external disturbances, causing
undesirable mechanical vibrations, which in some cases put at risk the structural integrity of
the system. Mechanical vibration in structural systems can be controlled by using control
techniques and the addition of new smart materials such as piezoelectric zirconate titanate
(PZT) ceramics [4] and piezoelectric vinylidene fluoride (PVDF) polymer films. The
applications of such piezoelectric transducers have been investigated for smart structures for
vibration rejection, using active vibration control (AVC), and sound radiation control of
vibrating structures, using active structural acoustical control (ASAC) [1]-[3].

2 Description

The view of experimental set-up is shown in figure 1. For this workstation (Figure 1.)
consisting of an aluminum plate with piezo elements attached, amplifiers, personal computer
with LabVIEW software and DAQ board is created.

Figure 1. Measurement site
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The plate used in the study is, clamped at one side and free at the others, aluminum plate with
5 piezo elements attached (Figure 2.). Two of them act as sensors, and three as actuators (one
for primary disturbance, and 2 for active vibration control). Our primary disturbance was a
tonal signal of a given system resonance frequency from range 100-3000 Hz. The signal was
generated in LabVIEW and amplified 18 times before reaching piezo actuator. Signals for
active control are amplified 10 times.
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Figure 2. Plate dimensions and piezo elements layout: W — primary disturbance, A — actuators, S — sensors.

The active control part of our workstation and primary disturbance signal source was created
with the use of LabVIEW software. The simplified block diagram is shown on Figure 3. The
block diagram consist of:

a) primary disturbance generator,

b) 2 PID controllers (1 for each channel),
c) data sending block

d) data acquisition block

e) data analysis part

f) results presentation block
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Figure 3. Programs block diagram screen: a) primary disturbance, b) control, ¢) data sending, d) data
acquisition, e) data analysis, f) results presentation
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The system is a feedback system with 2 independent channels (can be treated as 2 SISO
systems).

3 Results

Table 1 shows some of the results. Columns represent: the case (1 for the undamped
vibrations, and 2 for damped vibrations), Awrwms stands for primary disturbance RMS voltage.
K, Tj, T4 represent PID controllers parameters for given channel. Aarys 1s the voltage applied
to actuators, ¢ the phase of the damping signal, Asrms is the vibration level on given sensor.
The reference level for Agrms 1S 10°®.

Table 1. Results

Case f AWRMS K] T.ll Tl.il KZ T.12 T(.iz AAIRMS (I:1 AAZRMS (':2 AS]RMS ASZRMS

[Hz] | [VI] [min] | [min] [min] | [min] | [V] | [7] [Vl [1] [dB] [dB]
1 110 127 |o] o 0o |o| o 0 | 000 | 0| 000 |0] 8,5 | 930
2 |110] 127 | 21]0,005] 0,001 | 2 | 0,005 | 0,001 | 2,05 |177] 4,10 [336] 79,9 | 81,1
1 /780 38 |o]| o 0o o] o 0 | 000 | 0| 000 |o0] 1145 ] 1155
2 1780 38 | 300005 0 |3]0005| o0 | 11,17(335] 1633 |113] 888 | 874
1 |1280] 38 |o]| o 0o o] o 0 | 000 | 0| 000 |o0] 1081 | 1069
2 |1280] 38 | 310005 0 |3]0005| 0 | 615 |58| 580 |s8| 884 | 834
1 1750 38 |0 o 0 |o| o 0 | 000 | 0| 000 |o0] 1206 | 1197
2 |1750] 38 | 310,005 0 |3]0005| 0 | 2864 |193] 18,60 | 6 | 1003 | 99,7
1 20000 38 |0 o 0o |o]| o 0 | 000 | 0| 000 |o0] 1136 | 1131
2 |2090] 38 | 310005 0 |3]0005| 0 | 1223 |287] 11,74 [265] 91,1 | 957
1 2580 38 |0 o 0o o] o 0 | 000 | 0| 000 |o0] 1263 | 1254
2 |2580] 38 | 20001 0o |2]001 | 0 |2390 [339] 2645 [148] 101,4 | 94,0

It can be seen that the first frequency (110 Hz) has considerably lower response, even with the
primary disturbance more than 3 times higher. It could be caused by the high level of low
frequency damping observed in used plate (possibly due to the clamping and piezo element
layout). It should be noted that this was the lowest plate resonance frequency of notable value
found during identification. Still the damping was about 10 dB.
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Figure 4. Vibration levels measured on sensor 1
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The average damping for first channel is 18,9 dB with most of the frequencies having
damping above 18,5 dB and 3 cases less than 12,5 dB. First of them (110 Hz) corresponds to
low excitation from primary disturbance. Second and third case (930 Hz and 2460 Hz)
probably correspond to controllers not being optimally tuned (as the better damping could be
achieved by manual search).
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Figure 5. Vibration levels measured on sensor 2

There are some differences in results for second channel. Average damping is 20,3 dB which
is higher than for the first channel (max difference is 5,1 dB and occurs at 2090 Hz). It should
be noted that in the most frequencies it is possible to damp the sensor signal to a level below
0,05 V (peak-to-peak value), which means that for higher excitation better results could be
acquired.

4 Conclusions

The design and implementation of a labview and PID controller which was developed for the
suppression of sinusoidally excited forced vibrations of a plate is presented. Set-up of the
PZTs are used as actuators to control the vibration level. It is shown that the developed PID
controller provided satisfactory results. This work only presented the preliminary results, new
controllers and advance features of the DAQ system will be explored to investigate the
feasibility of the DAQ system and controllers for structural vibration control.
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